Objective: The aim of this study was to measure serum zinc-α2-glycoprotein (ZAG) in pregnant Egyptian females with preeclampsia and eclampsia and to correlate its levels to biochemical measures of kidney function, lipid and glucose metabolism. Study Design: It was a retrospective study.
INTRODUCTION
Preeclampsia (PE) and eclampsia are serious complications that occur in pregnancy. Preeclampsia is characterized by hypertension and/or proteinuria after 20 weeks of gestation. Eclampsia is known as onset of tonic clonic seizures in a preeclamptic woman. [1] [2] [3] [4] . As a result of a preeclamptic pregnancy, the mother and her newborn have an increased future risk for cardiovascular and metabolic diseases. PE and metabolic syndrome have some similar risk factors such as obesity and insulin resistance (IR). [2, 3] . The pathogenesis of PE is thought to result from the imbalance between proangiogenic factors such as vascular endothelial growth factor as well as placental growth factor and anti-angiogenic factors such as soluble fms-like tyrosine kinase 1 [2, [5] [6] [7] [8] . In addition, adipocytesecreted factors (adipokines) have a majorrole in the PE pathogenesis [2] . Adipose tissue is recognized as an endocrine organ producing adipokines such as adiponectin, leptin, tumour necrosis factor α (TNF-α), chemerin and zinc-α 2-glycoprotein (ZAG) [9] [10] [11] [12] [13] . Adipokines act in an autocrine/paracrine manner and/or as endocrine signals to regulateenergy expenditure, appetiteand other processes such as inflammation, angiogenesis and insulin sensitivity [13] [14] [15] [16] [17] . They also keep the vascular homeostasis by acting on endothelial cells. Thus, altered production of these adipokines results in the structural and functional changes in the vessels by vascular smooth muscle cell proliferation and endothelial dysfunction [18] [19] . ZAG is considered as 41 kDa soluble glycoprotein which has been found first in plasma. The name of ZAG is derived from its ability to precipitate with zinc and from its electrophoretic migration in the region of α2-globulins. [20] [21] [22] ZAG is a lipid mobilizing adipokine which significantly decreases fat mass by inhibiting lipogenesis and inducing lipolysis via a cyclic AMP-mediated system and through interaction with the β3-adrenoreceptor [13, [23] [24] [25] . It is regulated by and regulates hormones influencing glucose tolerance. It was proved that ZAG level is correlated significantly with glucose metabolism, fasting insulin, and HOMA-IR [22] . Recently, it was found that patients with hypertension have lower ZAG levels suggesting the role of ZAG in vascular homeostasis [18] . Renal clearance plays a role in ZAG catabolism. It was suggested that ZAG may be involved in the pathogenesis of obesity and obesity related metabolic disease; including hypertension and diabetes mellitus which represent important metabolic syndrome components [14] [15] [16] [17] [18] [19] [20] . Based on the above mentioned data, it was proposed that ZAG may have a role in the pathogenesis of PE and its complications [2] .
PATIENTS AND METHODS
Eighty pregnant females were recruited from the Obstetrics and Preeclampsia Units of Obstetrics and Gynecology Department at El-Shatby Maternity University Hospital. This study had been approved by the Ethics Committee of Alexandria Universityand a written consent was taken from each patient. Patients were divided into 3 groups; twenty pregnant females with mild preeclampsia, twenty pregnant females with severe preeclampsia, twenty pregnant females with eclampsia and twenty healthy gestational age-matched pregnant females were included as controls. PE was defined as systolic ≥ 140 mmHg or ≥ 90 mmHg diastolic blood pressure in combination with proteinuria in pregnant female with normal blood pressure before 20 weeks gestation. [4] Patients with chronic hypertension, renal diseases, diabetes mellitus, endocrine diseases or chronic disease were excluded. Data for medical history, last menstrual period date, gravidity, parity and age were recorded. Blood samples were drained by venipuncture. Complete blood countwas assessed on a 3 part differential automated cell counter. Sysmex and routine chemistry investigations; fasting glucose, serum cholesterol, serum triglycerides, serum creatinine and liver function tests were performed by standard laboratory methods using Dimension RxLautoanalyzer. Estimated glomerular filtration rate (eGFR) was calculated by the Modification of Diet in Renal Disease (MDRD) study equation. [26] Serum for ELISA assays (ZAG and insulin) was aliquoted and stored frozen at -20°C. Fasting insulin was determined by a commercially available ELISA (EIA-2935, DRG International, USA). Insulin sensitivity was assessed by homeostasis model assessment of insulin resistance (HOMA-IR). [27] ZAG was determined by a commercially available ELISA (BMS2201, eBioscience, Austria).
STATISTICAL ANALYSIS
Data were fed to the computer and analyzed using IBM SPSS software package version 20.0. (Armonk, NY: IBM Corp). Qualitative data were described using number and percentage. The Kolmogorov-Smirnov test was performed to verify the normality of distribution. Quantitative data were described using range (minimum and maximum), mean, standard deviation and median. Significance of the obtained results was judged at the 5% level. Spearman coefficient was used to correlate between two distributed abnormally quantitative variables.
RESULTS
There was statistically significant difference between thestudied groups and the normal pregnant females as regards LMP, systolic and diastolic blood pressure, platelets count, protein creatinine ratio, serum creatinine, liver function tests, triglycerides levels, fasting insulin levels, fasting serum glucose and HOMA-IR. Nosignificant difference was detected between the studied groups regarding age, parity, gravidity and cholesterol levels. Tables (1 -8). Regarding the performance of ZAG for diagnosing preeclampsia/eclampsia, ROC curve analysis showed that at a cut off >146.1 µg/ml, ZAG had a diagnostic sensitivity of 75.0% and a specificity of 60.0%. Figure (2 
DISCUSSION
In our study, maternal ZAG was significantly increased in mild and severe preeclampsia subjects as compared to healthy pregnant controls. The results may be attributed to that systemic endothelial dysfunction occurs in preeclampsia which affects glomerular epithelial cells and causes renal injury. Renal degradation contributes to ZAG clearance and elimination. Therefore, renal impairment may result in elevation of ZAG concentration. [28] In agreement with these findings, Stepan H et al. found that the median ZAG was 1.4-fold higher in preeclamptic patients when compared to controls. This is in accordance with the hypothesis that adipokines such as ZAG may have a role in preeclampsia pathogenesis and its complications. [2] Furthermore, the current study found a positive correlation between circulating ZAG on one hand and SBP, urinary protein, fasting insulin and HOMA-IR on the other hand in the patients group. The association remained significant after adjusting for other parameters that may affect levels of ZAG in patients.
However, Stepan H. and his colleagues [2] reported that ZAG was positively associated only with SBP, DBP, creatinine and TG. No correlation between circulating ZAG and fasting glucose, fasting insulin as well as HOMA-IR and age was found. Only serum creatinine remained a strong independent predictor of ZAG concentrations in multiple regression analysis. These results had pointed out that ZAG depended on kidney function and that renal elimination was a major route by which physiologic ZAG serum levels are maintained.
The results were supported by other researchers, who suggested that increased ZAG concentration in CKD patients and chronic hemodialysis patients could be attributed to decreased GFR and/or tubular reabsorption which in turn decreases the renal degradation of ZAG. [28] [29] [30] Also, Leal V et al. [31] found that ZAG was significantly increased in regular hemodialysis patients when compared to controls. In addition, markers of inflammation, interleukin-6 and CRP were increased in patients on hemodialysis. It has been proposed that ZAG is an adipokine with anti-inflammatory properties. Thus, elevation of ZAG levels might be linked to oxidative stress and inflammation occurred in renal patients on hemodialysis and might reflect resolution of the pro-inflammatory process. [32] In contrast with this study, Zhu H et al. [18] reported lower ZAG levels in hypertensive subjects with normal kidney function compared to controls. The median ZAG levels were 21.6% lower in hypertensive subjects. They concluded that ZAG may have a role in blood pressure control and that the lower ZAG levels in hypertensive subjects was related to blood pressure but not to renal function. The different change trend of ZAG concentrations in preeclampsia and hypertensive patients may be explained by the different pathogenesis of these two diseases.
Yang M et al. [22] reported significantly lower levels of ZAG in newly diagnosed diabetes mellitus (DM) patients or impaired glucose tolerance (IGT) compared with controls with normal glucose tolerance. HOMA-IR was independently related with serum ZAG. Also, obese or overweight individuals had significantly decreased ZAG concentrations than lean individuals. In addition, they found that ZAG mRNA expression and ZAG protein were down-regulated in adipose tissues from newly diagnosed DM patients compared with controls. A negative correlation was noted between ZAG level and dyslipidemia, adiposity, glucose metabolism, fasting insulin as well as HOMA-IR. These findings suggested that circulating ZAG might be linked to obesity and insulin resistance through its interaction with β3-adrenoreceptors and stimulating lipolysis suggesting a role in the regulation of lipid metabolism and insulin sensitivity. So, it could be used as a novel biomarker for insulin resistance syndrome and DM. [33, 34] However, Xu L et al. [35] reported that the diabetic patients with higher ZAG concentrations had decreased eGFR than those with low ZAG concentrations. This result suggested that serum ZAG concentrations were increased in T2DM patients complicated by diabetic nephropathy which is a microvascular complication that leads to slow deterioration of the kidneys and finally to end-stage renal disease. ZAG was found to be negatively correlated with eGFR in diabetic patients.
Moreover, Marrades M. et al. [23] revealed that the expression of gene of ZAG was decreased in adipose tissue of obese subjects compared to lean subjects. These results suggested that ZAG might play a major role in the regulation of adipose tissue metabolism. The down regulation of ZAG gene in obese subjects could be the cause of an impairment of lipid-mobilization, increasing the possibility that ZAG might be a candidate gene in the control of body weight and obesity related disorders.
On the other hand, Yeung D et al. [36] found that obese individuals had significantly increased ZAG concentrations than lean individuals. Furthermore, significantly higher ZAG levels were observed in patients with dyslipidemia, hypertension and type 2 DM. In addition, ZAG correlated positively with diastolic blood pressure, fasting insulin, insulin resistance indices and parameters of adiposity. These findings suggested that the elevation of ZAG in subjects with obesity might be a compensatory upregulation to counteract the metabolic stress imposed by obesity. Also, it is possible that obesity may cause resistance to ZAG actions leading to its compensatory up regulation. The authors concluded that circulating ZAG might play a regulatory role in obesity-related metabolic syndrome and metabolism of lipid.
In contrast, Stejskal D et al. [37] reported that ZAG level did not differentiate healthy subjects from subjects with metabolic syndrome. This might be explained by the influence of hormonal interactions, food intake or energy balance on ZAG level or might result from the fact that ZAG is secreted in various tissues and fluids of the body. These findings corroborated those of other authors who noted that the difference between obese subjects with high insulin resistance and those with low insulin resistance regarding ZAG was not significant. These results suggested that ZAG might be closely linked mainly to obesity and its expression might be related to its important role in the modulation of lipid metabolism. [33] 
CONCLUSION
In the current study, it was proved that the concentrations of maternal circulating ZAG are significantly elevated in pregnancies complicated by PE. The results suggested that ZAG might have a role in the development of preeclampsia and could be served as a promising predictor marker for PE diagnosis.
